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Fig. 4. Friction trends of diesters 
and HF during the 4-ball test
Fig. 3. Wear scars of 4-ball specimens 
after testing diesters and HF. 
** duplicate runs of HF TR4
Ball-on-plate Ball-on-disc 4-ball D4172
Movement reciprocal rotary rotary
Ball diameter 6 mm 6 mm 12.7 mm
Load per ball 100 N 100 N 49 N
Approx.velocity 2 cm/s 20 cm/s 400 cm/s
Temperature 20-25°C 20-25°C 75°C
Total sliding
distance, flood
200 m,
partially starved
200 m,
partially starved
18 000 m,
fully flooded
Lubricants Wear scar diameters, µm mm²/s
C10:0 diester 747, 726 1030, 906 11.6
C12:0 diester 539, 580, 652 720, 710 1044, 1068, 1041 14.7
C18:1 diester 685, 683* 686* 688* 730, 725 849, 834 34.1
HF Q83 668, 681, 683, 912 922, 1040 297, 296 32
HF TR4 1246, 1337, 983 1057, 1024 660, 277, 286, 295 46
* formulation without dicyclohexyl amine and thiadiazole
Scheme 2. AW additives, used at 1.5% each
Scheme 3. Corrosion inhibitors and AO
Scheme 1: molecular structures of diesters C10:0 (top) and C18:1
Fig.1. Ball-on-plate Fig. 2. D4172
and ball-on-disc 4-ball setup
setup on Ducom on TRM-500
tribotester tribotester
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CONCLUSIONS
• Penetration of dibasic esters into lubricant market can benefit from their better friction
reduction properties, compared to mineral oils. Fig. 4 shows that during early tribotest
stages C18:1 diester has lower friction than mineral oil hydraulic fluids TR4 and Q83
• Formulation with ashless AW additives can make esters comparable to HF in protection
against wear, even to lubricants, which contain highly effective AW additives, e.g. ZDDP
• Mono-unsaturated C18:1 diester shows lower wear scars than saturated C10:0 or C12:0
diesters under high velocity tribotesting regime
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EXPERIMENTAL
Tribotests were performed using 
Ducom™ (Fig. 1) and TRM-500™ (Fig. 2) 
tribometers for low and high speeds 
respectively, see Table 1.
INTRODUCTION
Rapidly advancing metathesis processes yield a variety
of esters, which can be manufactured from vegetable oils or
Fatty Acid Methyl Esters (FAME). Esters, produced from non-
food oils, such as Crambe and Camelina, are of particular
interest. Dicarboxylic linear unsaturated α-ω methyl esters
can be produced by FAME self-metathesis. Their trans-
esterification with 2-ethyl hexanol (2EH) and other branched
alcohols can lead to compounds, which are more effective
than mineral oils in lubricant-related parameters [1]. In
addition, they can act as nanopore fillers for anodized alumina
by penetrating into the coating and assuring formation of a
lubricant layer in the friction zone [2].
Penetration into Hydraulic Fluid (HF) market is especially
promising, because some dibasic esters have already
established themselves as viable HF basestocks. Saturated
diesters such as di-2EH azelate (C9:0) and di-2EH sebacate
(C10:0) have been used there for several decades. Recent
developments [3] show that monounsaturated diesters can
lead to improved fluidity, lower volatility, slower heat-thinning
and many other desirable properties. Influence of the double
bonds on lubricity is less evident and thus pursued here.
HYDRAULIC FLUID FORMULATION
HF must have good Anti-Wear (AW) and
corrosion inhibition properties, resistance to 
oxidation.  AW additives phosphorothioate and
thiocarbamate (Scheme 2) were mixed at 1.5%
wt. each into the diester basestocks.
Dicyclohexyl amine, benzotriazole and
thiadiazole were added at 0.1% wt. each as
corrosion inhibitors, while hindered phenol at 
0.5% wt. as Anti Oxidant (AO), Scheme 3.  
Saturated (C10:0 and C12:0) and mono-unsaturated (C18:1) diester basestocks
(Scheme 1) were blended with functional additives.  Commercial hydraulic fluids
(HF) of ISO VG32 grade (HF Q83) and VG46 grade (HF TR4) were acquired
from distributors and tested for comparison. They were based on mineral oils, 
HF Q83 also contained Zinc dialkyl dithiophosphate (ZDDP) additives.
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FRICTION AND WEAR RESULTS
HF pump tests are usually employed to evaluate
basestocks and additives on friction and wear, but
laboratory tests can successfully simulate pump test
conditions [4].  Three different tribotesting regimes were
used in this study, Table 1. HF performed poorer than
esters in both starved regimes, but better in high speed
D4172. Viscosity didn`t correlate to wear or friction, Fig. 4.
Table 1.  Tribotest conditions, oil viscosities at 40°C and
their effects on wear.  Underlined runs displayed in Fig. 3.
